. Gibberellin (GA) reduced the number of flowers differentiated in 1993, thereby reducing fruit density in 1994, when sprays were applied by early July 1993. Sprays in late July did not reduce flowering and fruiting density in the following year. In 1994, there were fewer fruit located on the proximal third of the shoot after GA sprays of 75,100, and 120 mg-liter' applied on 15 June compared to hand-thinned controls, and reduction was linear with increase in GA rate. Fruit numbers in the middle and distal sections of shoots were reduced by all 15 June and some 9 July GA sprays, with fewer fruit as concentration increased. However, the distribution of fruit within shoot sections, after GA treatments during floral differentiation, expressed as a percentage of the total number of fruit along fruiting shoots, showed even fruiting compared with hand thinning. Due to reduced flowering in response to GA treatments in June and early July 1993, the hand-thinning requirement was significantly reduced, with no thinning required in 1994 from 15 June 1993 GA sprays. All sprays applied in early July resulted in 40% to 60% fewer fruit removed during thinning than the nontreated controls. Sprays in late July were ineffective. Sprays of GA applied in mid-June at 50,75, 100, and 120 mg·liter -1 and sprays of 120 mg·liter -1 GA applied in early July (4 days preharvest) increased the firmness of 'Loadel' cling peach (about 26% improvement in June sprays) in 1993. The salable yield of fruit (after removal of the undersized fruit) was the same on hand thinned and on non-hand thinned trees treated with GA on 15 June at 50 mg·liter -1 . The salable yield of fruit was increased by GA sprays of 50 and 75 mg·liter -1 applied on 9 July 1993 compared to controls. There were no differences in fruit size (by weight or diameter) among the aforementioned treatments and hand thinning. GA sprays of 75,100, and 120 mg-liter' applied on 15 June 1993 tended to reduce salable yield, but fruit size increased with decreased yield. Based on the results obtained in 1993 and 1994, we believe that Release LC has good potential for chemically thinning peaches in California.
'Loadel' cling peach is a cling peach variety that matures extra early in California. 'Loadel' is used for canning and needs thinning to ensure adequate fruit size. Premiums are paid to growers for larger (above a minimum size standard), high-quality 'Loadel' peaches. Effective chemical thinning agents could help lower costs of hand thinning, which often account for the single greatest cost of production. There have been many attempts to thin peach chemically (Batjer and Moon, 1943; Byers et al., 1984; Kelly, 1955; Murneek and Hibbard, 1944; Stembridge and Gambrell, 1971) . Recently, sprays of monocarbamide dihydrogensulfate (Wilthin, Gowan, Yuma, Ariz.) during bloom have reduced fruit set of 'Winblo' peach and 'Fantasia' nectarine varieties, increasing fruit size without reducing yield in the southeastern United States (Myers et al., 1993) .
Thinning peach flowers compared to later thinning leads to increased fruit size for an equal number of fruit on each tree (Havis, 1962; Weinberger, 1941) , and fruit on thinned trees also tend to ripen earlier (Havis, 1962) . Weinberger (1941) indicated that it is best to thin early maturing peach varieties growing under Georgia conditions as soon in the season as practical. He cautioned that bloom thinning has risks, including frost or other weather-related factors that could lower an already-reduced fruiting potential. However, even in frost-prone areas, researchers have demonstrated that bloom thinning led to favorable peach cropping and the possibility that the flowers remaining were more cold hardy (Byers and Marini, 1994; Chandler, 1907; Corgan and Widmoyer, 197 1; Edgerton, 1966; Proebsting and Mills, 1964) . A problem of flower thinning has been finding an economical method to achieve consistent results, because removing flowers by hand is labor intensive and costly. Attempts to thin peaches by physical (e.g., tree shaking) or chemical means has resulted in the unsatisfactory uneven distribution of fruit along shoots (clustering) or preferential removal of larger fruit (S.M. Southwick, unpublished data).
Gibberellic acid (GA 3 ) inhibits flower bud differentiation in deciduous fruit (Bradley and Crane, 1960; Hull and Lewis, 1959; Li et al., 1989) . Attempts to reduce flowering to facilitate hand thinning have been made previously with peach (Brown et al., 1968; Corgan and Widmoyer, 1971; Edgerton, 1966; Stembridge and Larue, 1969) , sometimes resulting in delayed fruit maturation (Brown et al., 1968) . Gibberellin (GA) sprays applied from late May through July to 'Patterson' apricot reduced the following season's flowering and increased fruit size compared to handthinned and nonthinned trees and eliminated the need for hand thinning in some seasons (Southwick and Fritts, 1995; Southwick and Yeager, 1991) .
In this study, we report effects of pre-and postharvest sprays of GA on flowering and fruit distribution in 'Loadel' cling peach, with respect to effective application timing and dose response and relate our data to basic premises of floral differentiation control. We also examine the horticultural implications of GA treatment during floral differentiation on fruit firmness, fruit thinning, and yield. materials, experimental site, anddesign 1993 materials, experimental site, anddesign , Five-yearold (planted 1989 'Loadel' cling peaches growing on 'Lovell' rootstock were selected for these experiments in an orchard near Yuba City, Calif. The soil was classified as a Columbia silty loam. Trees were planted at 6.1 × 6.1 m (269 trees/ha). The experiment was designed as a randomized complete block with five single tree replications. There were 13 treatments and 65 trees. Aqueous GA sprays (predominantly GA.,; Abbott Laboratories, North Chicago, Ill.; no surfactant or pH adjustment) were applied with a hand gun and pressurized to an output of 37.85 liters·min -1 by a John Bean pump. Sprays were applied to wetness (about 15 to 16 liters/tree, 4000 liters·ha -1 ) on 15 June (about 90 days after full bloom = 28 days before harvest), 9 July, and 27 July 1993 at 50, 75, 100, and 120 mg·liter -1 (phenological stages of fruit development were stage II to III transition, and stage III, respectively; Connors, 1919) . Fruit were harvested by hand (13 July 1993) when they reached minimum maturity (defined by the no. 2 color disc, California Cling Peach Advisory Board).
Materials and Methods

Plant
Fruit firmness and maturity 1993 and 1994. Flesh color is the harvest maturity index as defined by the cling peach industry. Immediately before harvest ( 13 July 1993), 10 fruit were randomly collected from the periphery of each tree at 3 to 5 m above the soil surface. To evaluate maturity, a 0.65-cm segment of exocarp was removed from each fruit, and a no. 2 early color disc (Magnuson engineers no. B28328; Agtron Corp., Sparks, Nev.) was used to assess whether fruit were mature and harvestable according to standard industry practices (Gradziel, 1994) . Flesh firmness was measured on each fruit by removing a small exocarp segment on one side to expose the flesh. A Hunter force gauge (series L, model L30, 0-30 lb; Ametek, Hatfield, Pa.) mounted on a UC firmness stand equipped with a 7.94-mm tip was inserted into the fruit flesh.
Flower density, fruit set, and fruit distribution 1994. Five vigorous, current season's shoots were randomly selected at 3 to 5 m above the soil surface on each tree, and their length was measured. Each shoot was divided into three equal sections. The section closest to its point of origin was termed proximal, followed by the middle shoot section, and the final section was termed distal. Each section had a similar number of nodes. The flowers on each shoot at full bloom (11 Mar.) were counted and the data were expressed as the number of flowers per centimeter of shoot length. On 5 May, before hand thinning nonsprayed controls, fruit set was determined by counting fruit on these same shoots. Fruit density was expressed as fruit per node for each section of the shoot and as fruit per section as a percentage of the total fruit on the shoot.
Fruit thinning and early fruit weight and diameter 1994. On 5 May, 13 days before standard reference date (Davis and Davis, 1948) after fruit were hand thinned from each tree, 10 fruit were randomly sampled from around the periphery of each tree about 1.5 to 2.5 m from the soil surface and weighed, and their diameters were measured across the suture to determine early size differences due to thinning treatments. Based on past recommendations (Tufts, 1923) , the experience of the grower, and our experience with 'Loadel', fruit thinning was broken into separate procedures. The GA-treated trees were evaluated before hand thinning and 1088 were either not thinned, thinned to eliminate clustering, or thinned to about 15 cm between fruit. Time required to thin individual trees was recorded as a function of treatment.
Harvest measurements (fruit size, quality, and yield) 1994. Fruit were hand harvested and weighed on 18 July 1994 when they reached minimum maturity (defined by the no. 2 disc, California Cling Peach Advisory Board). The undersized fruit were removed by passing them over a linked chain with screen size of 5.7 cm to eliminate small fruit. The remaining fruit were reweighed to determine the salable yield. Fifty fruit were picked randomly at harvest from each tree and weighed, and their cross-suture diameters measured. Split pits in the fruit were counted on a subsample of 25 fruit. Fruit firmness and soluble solids were determined on the other group of 25 fruit. Soluble solids were measured by randomly selecting peach halves, grinding them in a Wareing blender, and filtering the juice through cheesecloth onto a temperature-compensated hand-held refractometer (0% to 32%; Atago N1, Tokyo).
Analyses of variance, linear regression, and Duncan's multiple range tests were performed using SAS's GLM procedure (SAS Institute, Cary, N.C.).
Results
Effects on flower density 1993 and fruit set 1994. GA sprays on 15 June and 9 July 1993 at 50, 75, 100, and 120 mg·liter -1 reduced flower numbers per centimeter shoot length in 1994, with earlier sprays more effectively reduced flower numbers at lower concentrations (Table 1 ). Sprays applied on 27 July 1993 did not reduce flower numbers. Flower numbers were reduced linearly with increasing GA concentration in the 9 July treatments. Although flower density varied substantially among treatments, fruit set was not significantly different among treatments (64% to 85%; data not shown).
Fruit firmness 1993 and 1994. Fruit flesh firmness was increased after GA sprays on 50, 75, 100, and 120 mg·liter -1 on 15 June 1993 and sprays of 120 mg·liter -1 on 9 July (Table 1) . Maturity measured as flesh color did not differ significantly as a function of GA treatment (range 90% to 100%; data not shown). Fruit firmness in 1994 was increased by 50-and 75-mg·liter -1 GA sprays applied on 15 June and 9 July 1993 and by 75-mg·liter -1 GA sprays on 27 July 1993 (Table  1) . Soluble solids in 1994 were not affected by 1993 GA treatments (no significant differences among treatments; data not shown).
Fruit distribution 1994. Reduced fruit density in the proximal section after the 15 June 1993 GA sprays of 75, 100, and 120 mg·liter -1 was highly significant and linear with increasing GA concentration ( Table 2 ). Reduced density in middle and distal sections was also highly significant for the 15 June 1993 sprays, but not linear. Fruit density in the middle and distal sections was significantly reduced with the 9 July 1993 sprays of 120 and 100 mg·liter -1 , respectively. An increasing (but nonsignificant) trend in reduction was seen for distribution of fruit in the middle section with the July 9 sprays when treatment means were compared to the control mean by Duncan's multiple range tests (Table 2) . No significant reduction in fruit in the proximal section was found with 9 July sprays, nor with any 27 July sprays. Fruit per shoot section as a percentage of the total number of fruit on a shoot were not significantly different among treatments in either the proximal or middle sections, and were reduced in the distal shoot section only with 50 mg·liter -1 GA applied on 15 June, and 120 mg·liter -1 GA applied on 9 July.
Fruit weight and diameter (early and harvest) and split pits 1994. Because of the reduced flower and fruit number the year following GA sprays on 15 June and 9 July 1993, weight per fruit and fruit diameter at thinning time in 1994 were increased by GA treatments made on other dates, and the increase was linear with sprays applied on 15 June 1993, increasing linearly with increasing GA concentration (Table 3) . Weight per fruit and fruit diameter at increasing GA concentration. Although slightly less effective thinning were also increased by GA sprays on 9 July 1993, except when applied on 9 July 1993, increasing GA concentration also (Table 3) . Harvest fruit weight was (Table 3) ; however, there was an increasing trend in split pits with increased by the 15 June 1993 GA sprays more effectively than by increasing GA concentration resulting from sprays on 15 June and 9 July 1993.
Fruit thinning 1994. As a result of the 15 June 1993 GA sprays,
Yield and undersized fruit 1994. Total yields per tree were no hand thinning was required in 1994 (Table 4) . Thinning time in reduced below that of hand thinned controls by GA sprays of 75, 1994 and the weight and number of fruit thinned per tree were 100, and 120 mg·liter -1 applied on 15 June 1993 (Table 5) , whereas reduced by the 9 July 1993 GA sprays. GA sprays applied on 27 total yield per tree was significantly higher in 1994 than handJuly 1993 had no effect on thinning time, weight, or number of fruit thinned trees as a result of GA sprays of 50 mg·liter -1 applied on 15 thinned in 1994.
June and 50 and 75 mg·liter -1 applied on 9 July 1993. GA treat-merits-applied on 15 June more effectively decreased the total yields per tree than the July treatments. There was a linear reduction in total yields per tree with increasing GA concentration in response to the 9 July 1993 GA treatments. Other GA treatments did not differ in total yield from the hand-thinned treatments. Salable yields per tree in 1994 were decreased by GA sprays of 75,100, and 120 mg·liter -1 applied on 15 June 1993 compared with all other rate-date treatment combinations (Table 5) partly resulting from the increase in percentage of undersized fruit and fruit clustering (data not shown; clusters were not hand thinned) in these treatments. No other GA treatment changed the percentage of undersized fruit. The reduced salable yields for the 15 June 1993 treatments was linear with increasing GA concentration. Salable yields in 1994 were increased by GA sprays of 50 and 75 mg·liter -1 applied on 9 July 1993. Other GA sprays did not affect salable yields per tree.
Discussion
Peach flowers are borne axillary to the primary leaf or to secondary or tertiary lateral structures (scales or leaves) on 1-yearold shoots (Dorsey, 1935) . The nodes on the proximal portion of the shoot are initiated in April and May and, as the shoot bud elongates nodes continue to initiate, until the shoot has achieved a final length of about 60 cm with about 30 nodes, depending on irrigation or rainfall. Extension shoot growth in the Central Valley of California occurs from late March through August or September. Floral buds initiate acropetally as the shoot grows out, and floral parts are initiated in 'Elberta' peach beginning in early August in Davis, Calif. (Tufts and Morrow, 1925) , although distinctive floral bud scales may be the first floral bud part identifiable in early June in Illinois for 'Elberta' peach (Dorsey, 1935) . Floral differentiation continues during August and September (Gur, 1985) . The long period of floral transition offers potential flexibility in thinning buds otherwise destined to become floral, as the identifiable period of sensitivity to GA-induced flower bud inhibition encompasses as much as 7 weeks.
Early reduction of flower buds and fruit by bloom thinning maximizes the tree's ability to size fruit (Weinberger, 1941) . Foliarly applied GA 3 reduced return bloom on proximal nodes in 'Redkist' peach beginning in late May, when 12 to 14 nodes were present (Ward, 1993) , or 30 days after full bloom (Byers et al., 1990) . Subsequent GA sprays through July reduced bloom in proximal, middle, and distal sections, up to 82%, 50%, and 46%, respectively, with reduction directly proportional to GA 3 concentration, and without affecting node density or shoot length (Ward, 1993) . Sprays late in the summer with high doses of GA 3 may thin flower buds by killing them (Painter and Stembridge, 1972) . The action of gibberellin in reducing potentially floral buds is such that transition into a floral state is inhibited by GA before the inductive period (Bemier, 1988; Clanet et al., 1976; Li et al., 1989; Painter and Stembridge, 1972) . In our study, numbers of fruit per node in the proximal section declined with increasing concentration of GA in a significant linear response with the 15 June 1993 treatments. The linear nature of the response is a new characteristic of flower bud density reduction by GA that has not been reported by previous researchers (Byers et al., 1990; Clanet et al., 1976; Hull and Lewis, 1959; Ward, 1993) . The percentages of fruit in the proximal and middle sections did not vary from the control with respect to the percentage of the total number of fruit on the shoot. Peach growers use hand thinning to reduce the number of fruit, increasing the leaf-tion in the percentage of total number of fruit found in the distal to-fruit ratio. Simultaneously, growers space the fruit along shoots, section after the 50-mg·liter -1 GA treatment of 15 June and 120-minimizing fruit clustering and associated problems (e.g., disease mg·liter -1 GA treatment of 9 July is not great enough to pose outbreak). The relatively even distribution of fruit along shoots problems for commercial growers. The reduced the numbers of resulting from GA treatment was unexpected but welcome be-fruit per node in all shoot sections were highly significant with a cause the treatment nearly mimicked the spatial distribution of tendency toward an inverse relationship between fruit numbers per fruit found after hand thinning. The slight, but significant, reduc-node and concentration of GA, providing tangible evidence of the value of gibberellin as a replacement for hand thinning in cling sting et al., 1973) and GA, treatment to increase firmness in cherry peach. By choosing an appropriate time and concentration combi-has become commercial practice in much of the western United nation to take advantage of a fairly wide window of opportunity States and Canada. Fruit firmness was improved in 1993 by with respect to sensitivity, hand thinning should be reduced to a preharvest GA sprays in 'Loadel' cling peach. Interestingly, fruit minimum.
firmness was also increased in 1994 as a function of 1993 GA Increased fruit firmness in the same year as treatment has been treatments. Reducing flower numbers reduced the initial number demonstrated in sweet cherry through effective use of GA, (Proeb-of fruit present. Fewer competing sinks early in fruit development could have increased cell number (Ho, 1988) in remaining fruit. Bain and Robertson (195 1) found that large apples had more cells than smaller fruit from the same tree, and Westwood et al. (1967) found that large apples from light-blooming trees had more cells than smaller fruit from heavier-blooming trees, as did fruit that were chemically thinned early in the season. The ratio of cell wall to cell volume could have been increased in fruit from GA-treated trees due to greater cell numbers, leading to improved fruit firmness. Improved fruit firmness may lead to improved quality and storage life of the processed product and reduced fruit damage or decay. Additional experiments are needed to demonstrate these possible beneficial effects.
Results from 1994 clearly show that the number of flowers in 'Loadel' peach can be reduced by GA sprays applied on 15 June and 9 July 1993. No measurable negative effects were found. Percentage fruit set was not reduced by GA treatment and, consequently, the reduction in flowers led to fewer fruit present at thinning time as a result of the June and early July GA treatments. In fact, the 1993 June treatments required no hand thinning in 1994. The distribution of fruit along shoots after the 15 June and 9 July 1993 GA spray treatments was like that found after hand thinning. Fruit clusters persisting after GA treatment should probably be broken up at thinning to ensure uniform fruit sizing. Palmer et al. (1991) showed that partial tree flower thinning was as effective as whole-tree thinning in reducing crop and increasing fruit size. In theory, assimilate is free to move from one side of the tree to the other to support the growth and development of the fruit. Hansen and Christensen (1974) found no significant differences in yield and fruit size from a uniform or nonuniform fruit distribution. Marini and Sowers (1994) validated that fruit size depends on the leaf-to-fruit ratio and that leaves near fruit strongly contribute to maximizing fruit size. In our work, we left clusters of peaches rather than breaking them. In contradiction to results seen in Hansen and Christensen's work on apples, we believe that 'Loadel' peaches did not size as well because of the clustering, leading to more undersized fruit in the 15 June 1993 GA treatments. We also noted a tendency toward increased vegetative growth as a result of reduced fruit numbers from GA treatments of 15 June 1993, as reported by Palmer et al. (1991) .
Reduced numbers of flowers resulting from the prior season's GA spray treatments coupled with fruit set like that found in nontreated controls led to improved fruit size at thinning. Measuring fruit size at a predetermined reference date helps cling peach growers assess how many fruit should be removed to maximize fruit size-crop load relations (Davis, 1950; Davis and Davis, 1948) . Larger fruit at reference size (date) following GA treatment suggests that growers may be able to leave more fruit on trees leading to higher yields of marketable fruit as demonstrated in these studies.
At harvest, total and salable yields were not reduced by GA concentrations of 50 and 75 mg·liter -1 applied in mid-June to early July under California conditions for this variety. Fruit sizes from those GA treatments were not different from hand-thinned fruit sizes. These results represent the best possible response because thinning activity is reduced without reducing yield or fruit size. The increase in yield following GA treatment over hand thinning is similar to responses measured previous17 in apricot (Southwick and Fritts, 1995; .
In conclusion, there were no measurable detrimental effects of GA treatment. The advantages of the GA spray thinning program include 1) along period with regard to spray timing, 2) temperature effects that are less likely to contribute to variation because daily temperatures are consistent during this part of the season in 1094 California, 3) an even distribution of fruit along shoots, 4) the possibility of improved yields and fruit size with reduced or no hand thinning, and 5) spray treatments that are apparently environmentally safe. We estimate the savings in hand-thinning costs from the most effective GA treatments (50 and 75 mg·liter -1 applied 15 June and 9 July) to be $75.00 to $125.00/acre for 'Loadel' based on the current price of GA and hand thinning costs. Commercial use of GA for chemically thinning stone fruit in California is under development.
